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About COMMUNICATION TECHNOLOGIES CLUSTER (CTC) 





е Established in : 18.07.2017 


e ii members : 137 


¢ Total # of employees · +7.000 


• Collaborating Universities : ODTU, Bilkent, 
ITU, Bogazici Univ., Altinbas Univ., Abdullah 
Gul Univ., TOBB-ETU, Gazi Univ. 


e 6 Techno-polis and 1 OSB 
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About COMMUNICATION TECHNOLOGIES CLUSTER (CTC) 


PURPOSE of CTC: 

° To start and realize high technology mobile communication 
networks projects with focus on design and development of 
products used by service providers. 

° To develop critical technologies in telecommunication sector in- 
country 

e To establish, develop and sustain in-country telecommunication 
eco-system 


* To provide mobile network equipments for service provider 
investments with national know-how and domestic production. 
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3G (2009-2017) 4.5G (2016-2020) 4.5G (2020-2029) 5G (2020-2029) 


Projected Projected 
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Why 5G is an opportunity to catch up with?!! 





MISSED MISSED CATCH UP WITH 
2009 2016 BY 2020 
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CTC — End to End 5G Mobile Network Project 
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CTC — End to End 5G Project —Project Organization 


PROJECT MEMBERS 
ANKETEK, CTECH, EXTUNDA,ENGİTEK, HAVELSAN I2I, İNTA, LABRİS, LNL, NANOTEK, 
NETMON, PAVOTEK, PROVERA, RST, SEKİZA, TELENITY,TTG,TÜRK TELEKOM, 
TURKCELL, VODAFONE 





UNIVERSITIES 
R&D 
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5G Technical Specifications 
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Novel enabling 
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5G Key Technologies 


Wireless Software Defined Network Function 
Јеј | Virtualization (NFV) 


A Device-to-Device 


Communications 


Ultra- 


| Densification 








Multiple Access 
Techniques 

















Big Data & Mobile 
Bi Cloud Computing 
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5G Spectrum 


ә 0012 dB over 200 m at 28 GHz 
• 0.016 dB over 200m at 38 GHz 
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f « 66Hz Region (Early Deployment) 
(Macro cell, coverage) 
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3.3 — 3.7 GHz 


4.5GHz 
5GHz 


Existing LTE bands 


5G Spectrum 


f > 6GHz Region (WRC 2019) 
(small cells, mm-wave, UDN, capacity) 


ABD/USA Proposal 
27.50 — 29.50 GHz 
37.00 — 40.50 GHz 
47.20 — 50.20 GHz 
50.40 — 52.60 GHz 


59.30 — 71.00 GHz 
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APG Proposal 
25.25 — 25.50 GHz 
31.80 — 33.40 GHz 
39.00 — 47.00 GHz 
47.20 — 50.20 GHz 
50.40 — 52.60 GHz 
66.00 — 76.00 GHz 


81.00 — 86.00 GHz 
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5G — Enabling Technologies 


FACTORIES OF THE FUTURE > 


® Jime-critical process control 





ҸӘ Grid access 
® Grd backhaul 
© Grd backbone 









B 77 7 T SSE 


üb Assets and interventions 
+ management in Hospital 





Ә Non time-critical factory automation 





© Remote control 


© Intra/Interenterprise 
communication 


€ Robntics 


© Remote monitoring 


© Connected goods 


© Smarer medication 





© Uhra High Fidelity Media 

© On-site Live Event Experience 

© User/Machine Generated Content 
© Immersive and Integrated Media 
© Cooperative Media Production 


AUTOMOTIVE 


© Collaborative Gaming 





© Bird's Eye View 


© Automated driving € Digitsliza&on of Transport and Logistics 
€ Share My View © Information Society on the road 
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5G — Use Cases 





* eMBB : more BW, higher data 
rates, improved consumer 
experience..(Rel.15) 


* URLLC : always connected, 
minimum latency, smart 
manufacturing, Industry 4.0, 
autonomous monitoring, V2X, 
ITS...(Rel.16) 


* mMTC : e-health, transport & 
logistics, smart sensors, smart 
cities, smart 
agriculture...(Rel.16) 
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5G — Software Defined Networks, Network Slicing 
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5G — Distributed Computing, Mobile Edge Computing (MEC) 


Backaul 


Core Network -—— .“ Ж-Е 
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5G — Deployment and Migration Scenarios 


Initial Architecture: Non-Standalone (NSA) —.—.. 





3GPP NSA / “LTE Assisted” Option 3 / ЗА 


Leverages existing 4G 
deployments 
* Capable of creating 5G 






s Next Gen Core Network 


hotspots quickly Replaces EPC 
* No overloading of EPC with Ə siy ` ^ 9G Driven By Capacity, 
5G signaling Not Just Coverage 


* New 5G applications and = New 5G Services Possible 


services creation possible 





Initial Architecture: Standalone (SA) 


ЗОРР ЗА Qption z * Only option for greenfield 5G 
operators 
* Full support for new 5G applications 
and services including: 
* Enhanced Mobile Broadband 
(емвв) 
* Massive Machine-Type 
Communications (mMTC) 
e Ultra-reliable and Low Latency 
Communications (URLLC) 


LEGEND 

° eNB:4G/LTE base station 

° gNB : 5G base station oa Gei a 

| | * Needs multiple spectrum to provide 
EPC: 4G/LTE Core Network | all above cases and also to provide 

° NGCN : 5G Core Network ubiquitous 5G coverage 


OHT 
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5G — New Radio and C-RAN 
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Traditional Base Station Distributed Base Station Active Antennas System Фу | CU/DU (Option 7) 


Figure 1. Development of base station architecture. | DU (Option 6) 
Е | ES DU (Option 7) 
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5G New Radio, Base Stations, User terminals 







56/46 ІТЕ/МІ-ҒІ Multi-Mode 
Multi-mode UE Small Cell 








eLAA, Wi-Fi 
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Massive MIMO 





Loon we mtorr #7 n 2 MIM a 
хҝ cdenotes the four paths 
beter eri The arnie rros. 


User 1 arad User 2 have been 
usedi to demonstrate concept. 
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Cylindrical 


Distributed 
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Massive MIMO (M-MIMO) Antenna Array Configurations 


Massive MIMO 









HTK © 2018 All rights reserved. 


LN 


e 


b he x 5 о la HE Bi 
Su оа оаа аниа 





Jeo tete teera na a'a na ta 


d sial sal ag Ha wa “a Bi 
дау науа ҳа 18 1 ere eee 
ULU IS s 





26 


Massive MIMO 





Patch antenna Array antenna 
(3 GHz) (30 GHz) 


60 mm 
60 mm 





60 mm 





Array antenna 
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5G Trials and Studies in the World (f > 6GHz) 





1. Mitsubishi Electric 28GHz Massive 2. IMT Systems 28GHz Massive MIMO 3. Samsung mmWave BF Prototype 
Element Antenna and RF Module Prototype 
Prototype _ | Base Station 


Array Antenna 
BX6 (=48) Antenna Elements 





Array Antenna 


4X1 [24] Antenna Elements 


| RF + Array Antenna 


HF « Array Antenna | 
| | 
| 


RF + Array Antenna 





Baseband Modem 








| | Baseband Modem RF + Array Antenna | 
Carrier Frequency: 28GHz (27.5 — 29.5GHz) Carrier Frequency: 28GHz Carrier Frequency: 27.925GHz 





Bandwidth: 800MHz Bandwidth: 250MHz Bandwidth: 520MHz 

Antenna Elements: 256 elements Antenna Elements: 48 elements Antenna Elements: 64 elements 

Antenna System: Printed Patch Antenna Array Size(NXM): 8 x 6 Array Size(NxM): 8 x 8 

Array Size(NxM): 16 x 16 Antenna Gain: 225.5dBi Antenna Gain: 218dBi 

Antenna Gain: 228dBi Transmission Power: 29dBm Transmission Power: 31dBm 

Beam Steering Adjustment: *12* (V) - £45* Beam Scanning Range: +30° 

(H) HPBW: 10° H / 20° V 

Module Size: 120x240x28mm (without Adaptive beam searching and switching time: 
heatsink) 45ms 


HABERLESME | 
TEKNOLOJİLERİ HTK © 2018 All rights reserved. 28 


KUMELENMESI 


@HTK 





5G Trials and Studies in the World (f < 6GHz) 





men 


Te -NEC Low апоу езуне МНО OpenAirinterface Massive MIMO Test-bed for 3GPP LTE 
Prototype = s 





— — 











Parameters Value 
Number of antennas Up lo 64 
Center Frequency 2.6GHz 
Bandwidth SMH? 
Sampling Rale 7,68MS/s 
FFT Size 512 
Figure-3: Block diag dü of Massive MIMO Number of used subcarriers 300 
Carrier Frequency: Low SHF Band (5.2GHz) 
Bandwidth: 40MHz Clot lime (Sm: 


Antenna Structure: 4(V)<8(H)=<2(Pol.) 64 
elements/Tunit, 1-4 units/site 
UL/DL Multiplex: TDD 


Maximum simultaneously served Currently 4 (LTE release 10), 


Channel Multiplex: OFDM, MU-MIMO spatial users extendable 
млых 
Modulation Scheme: QPSK/160AM/640AM 
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5G Trials and Studies in the World (f < 6GHz) 





Lund University Massive MIMO Test-Bed for 5G 








ep | —— x | 
dee EN fl МУ Parameter Variable Value 
3 + | LIA m СК |) | | 
= = = V Bandwidth W 20 MHz 
s ——— са m Carrier frequency f. 3.7 GHz 
: TA | — ü Sampling Rate F, 30.72 MS/s 
I TUF T WS — y FFT Size №ррт 2048 
— A7 — # Used subcarriers N used 1200 
ша > ==" Slot time Ts 0.5 ms 
| / Sub-Frame time Т, | ms 
Frame time Ту 10) т 
# UEs K 10 
# BS antennas M 100 
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